This study aimed to assess whether night shift work is associated with the risk of depression by using a meta-analysis of observational studies. We searched PubMed and EMBASE in August, 2016 to locate eligible studies and investigated the association between night shift work and the risk of depression, reporting outcome measures with adjusted odds ratios (ORs) or relative risks (RRs) and 95% confidence intervals (CIs). In the meta-analysis of a total of 11 observational studies with 9 cross-sectional study, 1 longitudinal study, and 1 cohort study, night shift work was significantly associated with an increased risk of depression (OR/RR, 1.43; 95% CI, 1.24-1.64; I 2 = 78.0%). Also, subgroup meta-analyses by gender, night shift work duration, type of occupation, continent, and type of publication showed that night shift work was consistently associated with the increased risk of depression. The current meta-analysis suggests that night shift work is associated with the increased risk of depression. However, further large prospective cohort studies are needed to confirm this association.
INTRODUCTION
Shift work refers to work schedules that extend beyond a typical 9-to-5 work day (1) . The full spectrum of shift work includes regular evening or night schedules, rotating shifts, on-call, 24-hour shifts, and irregular schedules (2) . According to the 5th European Working Conditions Survey, 17% of workers carry out shift work across the EU (3). Shift work is known to be associated with an increased risk of physical health problems of the workers such as metabolic syndrome, diabetes mellitus, cancer, and cardiovascular disease (4) (5) (6) . Moreover, several observational studies have reported the association between night shift work and the risk of mental illnesses such as depression and anxiety (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Among the mental illnesses, depression is considered a predictor of sickness absence and work disability among the working population (18) . One of the possible mechanisms on the association between night shift work and depression is circadian rhythm, which is a fundamental mechanism of a large number of medical conditions such as adrenal insufficiency, nocturia, peptic ulcer diseases, and asthma (19) . Circadian rhythm disorder could affect the imbalance of cortisol levels and accordingly cause depression (20) .
However, other observational studies have reported that there was no significant association between night shift work and depression (21, 22) . So far, there is no meta-analysis on the association between them. The current study aimed to investigate the association between night shift work and the risk of depression by using a meta-analysis of observational epidemiological studies such as cross-sectional studies, case-control studies, and cohort studies.
MATERIALS AND METHODS

Literature search
We searched PubMed (1970 to August 2016) and EMBASE (1987 to August 2016) for eligible studies using common keywords related to night shift work and the risk of depression. The keywords for literature search were as follows: 'shift work, ' 'night shift, ' 'night https://doi.org/10.3346/jkms.2017.32.7.1091 work, ' 'work at night, ' 'depressive disorder, ' 'depression, ' and 'major depressive disorder. '
Selection criteria
We included observational studies such as case-control studies, cross-sectional studies, and prospective or retrospective cohort studies that investigated the association between night shift work and the risk of depression, reporting outcome measures with adjusted odds ratios (ORs) or relative risks (RRs) and 95% confidence intervals (CIs). If data were duplicated or shared in more than one study, the first published study or most comprehensive study was included in the analysis. The language of publication was restricted to English.
Selection of relevant studies
Three of the authors (Aeyoung Lee, Yu-Jin Jung, and Seung-Kwon Myung) independently evaluated the eligibility of all studies retrieved from the databases based on the pre-determined selection criteria. Disagreements between evaluators were resolved by discussion. We extracted the following data from studies included in the final analysis: study name (along with the name of the first author and year of publication), type of study design, country, years enrolled, population (gender and age), screening tool for depression, adjusted OR/RR with 95% CI, and adjusted variables.
Main and subgroup analyses
We investigated the association between night shift work and the risk of depression by using adjusted OR/RR with 95% CI for the main analysis. Driesen's prospective cohort study (11) reported the results from both prospective analyses and retrospective analyses. In their study, the findings from the prospective analyses unusually showed a non-significantly opposite direction (a decreased risk of depression) to those (an increased risk of depression) from the remaining 9 studies included in the current study. Thus, for all the subgroup meta-analysis, we decided to use the retrospective data from Driesen's study, although we presented both results using either prospective or retrospective data from Driesen's study in the main analyses. We also performed subgroup analyses by gender, night shift work duration, type of occupation, continent, and type of publication.
Statistical analysis
To calculate a pooled OR/RR with 95% CI, we used an adjusted OR/RR and its 95% CI reported in individual articles whenever possible. We evaluated heterogeneity in results across studies using Higgins, which measures the percentage of total variation across studies (23) . I 2 was calculated as follows: I 2 = 100% × (Q − df)/Q where Q is Cochran's heterogeneity statistic, and df is the degrees of freedom. Negative values of I 2 are set at zero; I 2 lies between 0% (no observed heterogeneity) and 100% (maximal heterogeneity). An I 2 value greater than 50% was considered to indicate substantial heterogeneity. All the analyses were performed by using a random-effect model meta-analysis.
We also examined publication bias regarding the studies included in the final analysis using the Begg's funnel plot and Egger's test. If publication bias exists, the Begg's funnel plot is asymmetrical or the P value is less than 0.05 by the Egger's test. If there is a discrepancy in results between the funnel plot (asymmetrical) and Egger's test (P value ≥ 0.05), we preferred the results from Egger's test for the interpretation because the visual inspection of a funnel plot might be misleading (24) . Statistical analyses were conducted using the Stata SE version 12.1 software package (StataCorp., College Station, TX, USA). Fig. 1 shows a flow diagram of how we identified relevant studies. A total of 978 articles were identified by searching PubMed and EMBASE. We excluded 195 duplicated articles and an additional 724 articles that did not satisfy the selection criteria. The full texts of the remaining 59 articles were reviewed, and 48 additional articles were excluded for the reasons shown in Fig. 1 . The remaining 11 articles were included in the final analysis.
RESULTS
Identification of relevant studies
General characteristics of studies
We identified a total of 11 observational studies with 9 cross-sectional studies, 1 longitudinal study, and 1 cohort study. Table 1 shows the general characteristics of the studies in the final anal- ysis. The included studies were performed in Korea (n = 5), United Kingdom (n = 1), The Netherlands (n = 1), Norway (n = 1), Sweden (n = 1), China (n = 1), and Brazil (n = 1). The age range of the study participants in 7 studies (7-10,13,16,17) was from 15 to 90 years, and the mean age in 4 studies (10, 11, 13, 14) was from 25 to 39.76 years. Egger's test: P for bias = 0.088 NA = not applicable, OR = odds ratio, RR = relative risk, CI = confidence interval. *In Driesen's study (11) , the findings from the prospective analyses unusually showed a non-significantly opposite direction to those from the remaining 9 studies included in the current study. Thus, the retrospective data from Driesen's study were used in the subgroup meta-analyses by various factors; † Retrospective data from reference No. 11. Fig. 2 shows the effect of night shift work on the risk of depression in the meta-analysis of all 11 studies. Night shift work was associated with an increased risk of depression in a random-effects model meta-analysis (OR/RR, 1.43; 95% CI, 1.24-1.64; I 2 = 78.0%). P for bias from the Egger's test was 0.088 (Fig. 3) , whereas Begg's funnel plot was asymmetric base on the visual inspection. Therefore, no publication bias was found. Table 2 summarizes the findings from the subgroup meta-analyses by gender, night shift work duration, type of occupation, continent, and type of publication. When using prospective data from Driesen's study (11) , night shift work was consistently associated with an increased risk of depression (OR/RR, 1.37; 95% CI, 1.17-1.60; I 2 = 84.8%). In the subgroup meta-analysis by gender, there was a significant association in women (OR/RR, 1.43; 95% CI, 1.16-1.76; I 2 = 68.2%), but not in men (OR/RR, 1.42; 95% CI, 0.88-2.28; I 2 = 79.4%). There was an increased trend of the risk of depression with an increased duration of night shift work. Also, the subgroup meta-analyses by type of occupation and continent consistently showed a positive association between night shift work and the risk of depression. In the subgroup meta-analysis by type of publication, no significant association was https://doi.org/10.3346/jkms.2017.32.7.1091 observed in 2 studies published in conference proceedings (i.e., poster presentation).
Night shift work and risk of depression
Subgroup meta-analyses
DISCUSSION
In this meta-analysis, we found that overall night shift work was associated with an increased risk of depression. Also, subgroup meta-analyses by gender, night shift work duration, type of occupation, continent, and type of publication showed that night shift work was consistently associated with the increased risk of depression.
There are several biological mechanisms that may explain a positive association between night shift work and the risk of depression observed in our meta-analysis. First, the effect of environmental stress on serotonin transporter gene (SLC6A4) promoter methylation would be one of the possible mechanisms. The protein encoded by SLC6A4 transports serotonin from synaptic spaces into pre-synaptic neurons and serves to regulate emotional aspects of behavior (25) . A recent nurse cohort study showed significantly lower promoter methylation levels in the high stress group (26) . The environmental stress might cause decreased methylation of the SLC6A4 promoter and decrease the amount of extracellular serotonin in the synaptic cleft and consequently increase a risk of functional disturbance such as depressive mood (26) .
Second, the effect of night shift work on the increased risk of depression might be associated with disruption of circadian glucocorticoid oscillations. It has been reported that circadian glucocorticoid oscillations act to balance synapse formation and pruning after learning and during development (27) . Chronic stress such as night shift disrupts this balance: it reduces the survival of newly formed synapses, while at the same time it increases the elimination of pre-existing synapses (27) . Also, this disruption of glucocorticoid hormone interacts with signaling pathways in neurons and may contribute to the development of stress-related psychiatric disorders such as depression to vulnerable individuals (27) . In the meantime, it is suggested that impaired corticosteroid receptor signaling is a key mechanism in the pathogenesis of depression based on the clinical and preclinical data (28) .
To the best of our knowledge, this study is the first meta-analysis of observational studies on the association between night shift work and the risk of depression. Several observational epidemiological studies have reported this association. In 2010, a small cross-sectional study reported that night shift work was not correlated with depressive symptoms (29) . Also, a relatively large cross-sectional study with 2,059 nurses indicated that night shift work was not associated with the risk of depression (13) . Similarly, Driesen's prospective study indicated that depressed mood among shift workers non-significantly increased when adjusting for potential confounding factors, whereas retrospective analyses in their study found that former or current male shift workers had a statistically significant increased risk of depressed mood and depressive disorder (11) . However, the remaining studies included in our analysis consistently revealed that night shift work was associated with the increased risk of depression (7, 9, 10, 12, 14, (15) (16) (17) . In the current meta-analysis, we were able to quantitatively suggest that night shift workers had an increased risk of depression by about 40%, compared with those without night shift.
Our study has several limitations. First, our study included a small number of observational studies to draw definite conclusions because of a paucity of data. Further larger prospective cohort studies are warranted to confirm our findings. Second, most of the included studies used self-reported assessment tools in order to screen depression or depressive symptoms. Thus, we were unable to evaluate whether night shift work increases the risk of depressive disorder clinically confirmed by physicians. Third, the included studies consisted of heterogeneous populations such as nursing workers, physicians, and other employees from various companies. Although we performed subgroup meta-analyses by type of occupation, we were unable to evaluate whether there are any differences in the effect of night shift work on the risk of depression according to type of occupation due to insufficient data. Last, we had a limitation to investigate the difference in findings between men and women. The subgroup meta-analysis in men showed there was no significant association between night shift work and the risk of depression. However, only 3 studies were included in this subgroup met-analysis because several studies included in this study did not separately present findings in each gender. Similarly, we were unable to confirm the association between the duration of night shift work and the risk of depression because of a paucity of data.
In summary, we found that night shift work was significantly associated with the increased risk of depression in the meta-analysis of observational epidemiological studies, even though there have been a small number of studies published so far to draw a confirmative relationship between them. Further well-conducted case-control studies and large prospective cohort studies are warranted to confirm the association between night shift work and the risk of depression.
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